Animals often rely on events in their environment that provide information (i.e. experience) to alter their future decision-making in ways that are presumed to be beneficial. Such experience-based learning, however, does not always lead to adaptive decision-making. In this study, we use the omnivorous harvestman Heteromitobates discolor to explore the role of past diet on subsequent food choice and survival. We first tested whether a short-term homogeneous diet (rotten crickets, fresh crickets or dog food) influenced subsequent food choice (rotten cricket versus fresh cricket). We next examine the impact of diet on survival. We found that following experience with a homogeneous cricket diet, adult harvestmen displayed a learned preference for familiar food, regardless of whether it was rotten or fresh crickets; individuals experiencing dog food were equally likely to choose rotten versus fresh crickets. We additionally found that individuals that ate rotten crickets suffered shorter survival than those that ate fresh crickets. Together, our results suggest that the diet an individual experiences can lead to maladaptive food preferences-preferences that ultimately result in reduced longevity.
Introduction
Early modelling of foraging behaviour focused heavily on optimality, with models that predicted an animal's behaviour based on relative costs and benefits of alternative tactics [1] . These models assumed that animals have complete information about their environment; an unlikely assumption that led to proponents arguing for the importance of incomplete information and the role of experience in leading to behavioural changes [1] . More recently, it has been contended that formal theoretical modelling can be misleading or even wrong, as it often neglects the underlying mechanisms of behaviour, including psychological mechanisms such as learning and decision rules [2, 3] . Additionally, many simple models do not incorporate the spatio-temporal heterogeneity, or complexity, of natural environments [3] .
Indeed, animals are known to deviate from optimal decision-making across behavioural contexts-they are impulsive, they may not behave in ways that maximize rewards, and they may value alternative options irrationally (reviewed in [2, 3] . One potential explanation for how and why animals engage in nonoptimal decision-making may rely, at least in part, on the fact that animals often update their decision-making based on experience, or the processing of new information [4] -they learn. Additionally, seemingly irrational behaviour observed under simplified environmental conditions may be better understood & 2016 The Author(s) Published by the Royal Society. All rights reserved.
in the context of an evolutionary history rife with spatial and temporal variation in the environment [3] .
Experience-based learning is known to alter the behaviour of numerous distantly related animals across a number of contexts including feeding. In order to have evolved, learning must promote reproductive success by enabling adaptive decision-making [5] . In insects and spiders, learning is critical in foraging behaviour [6 -8] and prey choice can be crucial for a spider's fitness as it influences growth, development and survival (e.g. [9] ). Given the importance of diet in any organism's life then, animals are expected to alter their foraging behaviour based upon past experiences in an adaptive manner [10] . It is imperative, however, to consider that learning is only adaptive on average across the lifespans of all individuals of a genotype and only in the context of its natural environment [3] . Observed irrational foraging decisions can result from constraints imposed by underlying mechanisms (e.g. hormones, genetic architecture, sensory organs, search rules, cognitive biases, etc.; [11] ) or alternatively can be understood in the context of a complex environment [3] .
For many animals, diet may be dictated more by what is available in the environment than by choice per se. For example, a limited distribution and abundance of food options, in combination with a cost of searching, may limit an individual's realized diet breadth. We hypothesize that such a limitation of diet breadth over a period of time, combined with putative experienced-based learning associated with diet, could lead to sub-optimal or even maladaptive food choice. We test this hypothesis using the omnivorous harvestman Heteromitobates discolor (Arachnida, Opiliones). Specifically, this study explores (i) the relationship between homogeneous diet experience and subsequent diet choice and (ii) the influence of a homogeneous diet on longevity.
Material and methods (a) Harvestmen housing and diet
We collected adults of Heteromitobates discolor in the State of São Paulo and maintained them in the laboratory under controlled conditions. In order to test the effect of past diet on subsequent diet choice and survival, we divided the harvestmen in three diet treatment groups: (i) rotten cricket (n ¼ 29, eight males and 21 females), (ii) fresh cricket (n ¼ 27, seven males and 20 females) and (iii) dog food (n ¼ 25, eight males and 17 females). We fed all adult harvestmen their assigned food (i.e. diet treatment) 3-4 days per week (never on 2 consecutive days) for a total of seven weeks, totalling 23 distinct feeding opportunities prior to diet choice trials. Harvestmen received no other food. We were predominantly interested in their choice between rotten and fresh crickets and used our dog food treatment as a control for our narrow window of past diet experience. For additional methodological details, see the electronic supplementary material.
(b) Diet experience and diet choice
Diet choice trials were conducted in a circular arena measuring 21 cm diameter and 22 cm height, with paper towel lining the bottom (see the electronic supplementary material, figure S1 ). During a diet choice trial, we placed the focal harvestman in the centre of the arena, giving it the choice of four crickets to eat: two rotten crickets versus two fresh crickets. We used four crickets to minimize the time harvestmen would take to find the crickets. Adjacent crickets (a rotten and a fresh) were 2 mm from each other to minimize the chances that one would be detected but not the other.
Only harvestmen that touched both types of crickets were included in the analyses. Five individuals were excluded, because they only sampled one diet type (three that had experienced a rotten cricket diet; two that had experienced a fresh cricket diet)-all five ate the diet they had previously experienced. Our analysis only included animals that could perceive both options prior to their choice, as many harvestmen are known to touch food with their first legs before consuming it [12] . In total, our analyses included: 15 individuals that previously experienced a homogeneous rotten cricket diet (five males and 10 females), 17 individuals that experienced a fresh cricket diet (six males and 11 females), and 19 individuals that experienced a homogeneous dog food diet (seven males and 12 females). All harvestmen were starved for 4 days prior to diet choice trials and each individual was used only once. We evaluated the effect of prior diet treatment on diet choice with a logistic regression, using the diet treatment as a fixed effect. For additional methodological details, see the electronic supplementary material.
(c) Diet experience and survival
To determine the influence of a homogeneous diet on survival, we compared survival of the harvestmen in different treatments in the past seven weeks with a log rank test [13] .
Results
Of the 15 individuals fed rotten crickets, 12 chose rotten crickets and three chose fresh ones. Of the 17 individuals fed fresh crickets, 12 chose fresh crickets and five chose rotten ones. Of the 19 individuals fed dog food, nine chose fresh crickets and 10 chose rotten ones. Harvestmen fed the rotten cricket diet were more likely to choose the rotten cricket, while those fed a fresh cricket diet were more likely to choose a fresh cricket (figure 1, means and 95% CIs for log odds ratio of choosing rotten cricket: dog food ¼ 0.12 [20. [14] . Of all the pair-wise contrasts between the diet treatments, the only significant difference was between individuals fed a rotten cricket diet and a fresh cricket diet (figure 1, difference in coefficients ¼ 2.17, p , 0.01). Individuals experiencing a rsbl.royalsocietypublishing.org Biol. Lett. 12: 20160256 dog food diet did not differ in their diet choice from either rotten or fresh diet individuals. The logistic regression model shows cricket treatments tend to choose their familiar diet, while the dog food group showed no preference (figure 1; electronic supplementary material, table S1, [14] ). In terms of survival, harvestmen fed dog food and rotten crickets died faster than harvestmen fed fresh crickets (figure 2; Log Rank test: 
Discussion
Our results suggest that adult harvestmen that were fed a homogenous diet for seven weeks may have developed a learned preference for the familiar food, even though the food they were presented with may have reduced their longevity. By tracking the lifespan of focal individuals, we discovered that harvestmen fed on a homogeneous diet of rotten crickets suffered shorter longevity than those fed fresh crickets. Our finding that diet influences survival is not new [15, 16] . What makes the lower survival on a homogeneous diet particularly interesting in this study, however, is that individuals experiencing this presumably lower quality homogeneous diet simultaneously exhibit a preference for it. The mechanism(s) underlying our observed choice of familiar diet is unknown, but these findings open up numerous possibilities for future research focused on mechanisms of learning such as cognitive biases, neophobia [17] , decision rules in complex environment [3] and the modelling of the proximate architecture of decision-making [18] . Seemingly irrational decisions in animals can result from cognitive biases such as state-dependent valuation learning, in which individuals prefer options previously found to be rewarding when in a state of need (reviewed in [3, 19] ). The presumed differences in nutritional value of rotten versus fresh crickets (based on our observation of reduced survival) suggest that individuals fed rotten cricket diets were likely under nutritional stress. These individuals were potentially in a heightened state of need when compared with those individuals fed fresh crickets. As such, state-dependent valuation learning could potentially explain why individuals fed rotten cricket diets appeared to have a stronger preference for familiar food than those fed fresh crickets, but that would require further testing. Furthermore, it is also not known how, or if, a nutritional imbalance might influence learning in harvestman. Preference for familiar food, for example, may represent a default decision under impaired learning. This latter explanation seems less likely as our results demonstrate preference for familiar food regardless of feeding history.
In a spatially and temporally heterogeneous environment, developing a search image for, or a preference for, a previously experienced food may be an adaptive evolutionary strategy. Indeed, when food is scarce or prey are difficult to find, visually based foragers are known to learn particular visual characteristics of their food or prey and selectively attend to those features [20] . The extent to which search images are formed in other sensory modalities remains less explored (e.g. [21, 22] ). Interestingly, however, the link between sensory systems and learning is quite strong with respect to chemoreception, especially in invertebrates (e.g. [23] ). This species of harvestmen do not use vision to capture prey [24] and mechanoreception was not possible since food items did not move. Given that dead animals give off a strong and characteristic odour (which can be detected by harvestmen, [25] ), we suspect that harvestmen in our experiment were distinguishing among their prey choices primarily by chemoreception. These individuals may have developed a chemical search image, which they then used in subsequent choice trials to distinguish among food options. The putatively strong proximate link between chemical perception and learning may have facilitated the strong link between diet experience and diet choice, even in the face of maladaptive food.
In summary, experience-based learning is generally hypothesized to maximize survival and reproduction by allowing animals to adjust their behaviour according to environmental changes [5] . Such adjustments are presumed to play a particularly important role in adaptation to local spatial and temporal environmental conditions [26] . Our data suggest that this same process can also lead to seemingly sub-optimal or even maladaptive behavioural changes, though these foraging decisions may appear more rational in the context of the animal's evolutionary history and complex environment [2, 10] . rsbl.royalsocietypublishing.org Biol. Lett. 12: 20160256
